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218838US-4392-57-2-PCT 

IN THE UNITED STATES PATENT & TRADEMARK OFFICE 
IN RE APPLICATION OF : 

NOBUHIRO SAKIMA : ATTN: APPLICATION DIVISION 

SERIAL NO: NEW U.S. PCT APPLN : 
(Based on PCT/JP00/04796) 

FILED: HEREWITH : 

FOR: AUTOMATIC GAIN CONTROLLER: 
AND WIRELESS COMMUNICATION 
APPARATUS USING THE SAME 

PRELIMINARY AMENDMENT 

ASSISTANT COMMISSIONER FOR PATENTS 
WASHINGTON, D.C. 20231 

SIR: 

Prior to a first examination on the merits, please amend the above-identified 
application as follows: 

IN THE CLAIMS 
Please amend Claim 6 to read as follows: 1 

6. (Amended) The wireless communication apparatus according to claim 2, further 
comprising a processing unit calculating a received power from the output value of the 
analog-to-digital converter using the gain set in the gain setting unit. 

Please add new Claims 7-9 as follows: 



1 A marked-up copy of the amendments is attached hereto. 
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7. (New) The wireless communication apparatus according to claim 3, further 
comprising a processing unit calculating a received power from the output value of the 
analog-to-digital converter using the gain set in the gain setting unit. 

8. (New) The wireless communication apparatus according to claim 4, further 
comprising a processing unit calculating a received power from the output value of the 
analog-to-digital converter using the gain set in the gain setting unit. 

9. (New) The wireless communication apparatus according to claim 5, further 
comprising a processing unit calculating a received power from the output value of the 
analog-to-digital converter using the gain set in the gain setting unit. 

REMARKS 

Favorable consideration of this application, as presently amended, is respectfully 
requested. 

The present Preliminary Amendment is submitted to cancel the multiple dependency 
in original Claim 6. Further, subject matter of the cancelled multiple dependency is now set 
forth in new dependent Claims 7-9. 



The present application is believed to be in condition for a full and thorough 
examination on the merits. An early and favorable consideration of the present application is 
hereby respectfully requested. 



22850 

Tel.: (703)413-3000 
Fax: (703)413-2220 
GJM:SNS\la 

I:\atty\SNS\218838us-pr.wpd 



Respectfully submitted, 



OBLON, SPIVAK, McCLELLAND, 
MAIER & NEUSTADT, P.C. 




Gregory J. Maier 
Attorney of Record 
Registration No. 25,599 
Surinder Sachar 



Registration No. 34,423 
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Marked -Up Copy 

Serial No: 

Amendment Filed on: 



IN THE CLAIMS 
Please amend Claim 6 to read as follows: 

—6. (Amended) The wireless communication apparatus according to [any one of 
claims 2 through 5] claim 2 . further comprising a processing unit calculating a received 
power from the output value of the analog-to-digital converter using the gain set in the gain 
setting unit.-- 

Claims 7-9 (New). 
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SPECIFICATION 



AUTOMATIC GAIN CONTROLLER AND WIRELESS 
COMMUNICATION APPARATUS USING THE SAME 

5 

TECHNICAL FIELD 

The present invention relates to an automatic 
gain controller controlling a gain of a variable 
gain amplifier provided at an input of an analog- 
ic) to-digital converter, and also to a wireless 
communication apparatus using the same. 



BACKGROUND ART 

Fig. 9 shows a wireless communication 

15 apparatus to which an automatic gain controller 

(AGC) according to the related art is applied. In 
the wireless communication apparatus, a signal 
received by an antenna 2 is amplified by an 
amplified 3 and a variable gain amplifier 4. An I- 

20 component and a Q-component of the amplified signal 
are isolated by a mixer 5. The isolated signals are 
then subject to analog-to-digital conversion by 
analog-to-digital converters 6i and 6q, 

respectively and are decoded by a processing unit 7. 

25 An automatic gain controller 8 calculates a 

difference between an output value of the analog- 
to-digital converter 6i and a reference value and 
also calculates a difference between an output 
value of the analog-to-digital converter 6q and the 

30 reference value so as to produce an error signal. 
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The automatic gain controller 8 compares the error 
signal with a threshold value and so as to update 
the gain of the variable gain amplifier 4 at 
predetermined intervals in accordance with a result 
5 of comparison. With this construction, signals at 
a level adapted to the dynamic range of the analog- 
to-digital converters 6i and 6q are input to the 
analog-to-digital converters 6i and 6q so that the 
precision in conversion by the analog- to-d igital 
10 converters 6i and 6q is maintained at a proper 
level . 

For example, published Japanese translation of 
PCT international publication for patent 
application No. 10-506764 discloses automatic gain 

15 control in which the gain is controlled as a result 
of performing comparison between the error signal 
and the threshold value. 

In the related art, however, the gain is 
updated only after a predetermined period of time 

20 elapses even when the environment for reception 
changes as a result of, for example, a rapid 
variation in the level of received power. For this 
reason, a signal not adapted for the dynamic range 
of the analog-to-digital converter may be input to 

25 the analog-to-digital converter when there is a 
rapid change in the level of received power, 
resulting in decrease in the precision in 
conversion by the analog-to-digital converter. 



30 



DISCLOSURE OF THE INVENTION 
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An object of the present invention is to 
provide an automatic gain controller and a wireless 
base station in which a precision in conversion by 
an analog-to-digital converter is maintained at a 
5 proper level even when an environment for reception 
is changed. 

The present invention provides an automatic 
gain controller for controlling a gain of a 
variable gain amplifier provided at an input of an 

10 analog-to-digital converter, comprising: 

a gain setting unit periodically updating the 
gain of the variable gain amplifier in accordance 
with an output from the analog-to-digital 
converter; and 

15 a mode selection unit selecting one of a 

plurality of operating modes characterized by 
different gain updating periods in accordance with 
variation in the output from the analog-to-digital 
converter, the selected operating mode being set in 

20 said gain setting unit. 

According to this aspect of the invention, the 
gain of the variable gain amplifier is controlled 
in one of a plurality of operating modes 
characterized by difference gain updating periods 

25 in accordance with variation in the level of 

received power. Therefore, the gain of the variable 
amplifier is controlled depending on variation in 
an environment for communication so that the 
precision in conversion by the analog-to-digital 

30 converter is maintained at a proper level. 
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The present invention also provides a wireless 
communication apparatus comprising: 
an antenna receiving a radio signal; 

a variable gain amplifier amplifying the 
5 received signal using a variable gain; 

an analog-to-digital converter converting the 
amplified signal into a digital signal; 

a gain setting unit periodically updating the 
gain of the variable gain amplifier in accordance 
10 with an output from a analog-to-digital converter; 
and 

an operating mode selection unit selecting one 
of a plurality of operating modes characterized by 
difference gain updating periods in accordance with 
15 variation in the output from said analog-to-digital 
converter, the selected operating mode being set in 
said gain setting unit. 

According to this aspect of the invention, it 
is possible to control the gain of the variable 
20 gain amplifier in a wireless communication 

apparatus to which the automatic gain control is 
applied, depending on variation in an environment 
for communication. Therefore, the precision in 
conversion by the analog-to-digital converter in 
25 the apparatus is maintained at a proper level. 

The present invention provides a wireless 
communication apparatus comprising: 

an antenna receiving a radio signal; 
an isolator isolating an I-component and a Q- 
30 component orthogonal to each other from the 
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received signal; 

an i-component variable gain amplifier and a 
Q-component variable gain amplifier amplifying the 
isolated I-component and Q-component, respectively 
5 using a variable gain; 

an I-component analog-to-digital converter and 
a Q-component analog-to-digital converter 
converting the amplified I-component and Q- 
component, respectively, into respective digital 

10 signals; 

a gain setting unit periodically updating a 
gain common to said I-component variable gain 
amplifier and said Q-component variable gain 
amplifier, in accordance with outputs from said I- 

15 component analog-to-digital converter and said Q- 
component analog- to-dig it a 1 converter; and 

an operating mode selection unit selecting one 
of a plurality of operating modes characterized by 
different gain updating periods in accordance with 

20 variation in the outputs from said I-component 

analog-to-digital converter and said Q-component 
analog-to-digital converter, the selected operating 
mode being set in said gain setting unit. 

According to this aspect of the invention, the 

25 gain of the I-component variable gain amplifier and 
the gain of the Q-component variable gain amplifier 
are centrally controlled in a wireless 
communication apparatus operated on quadrature 
modulation. Therefore, the construction of the 

30 apparatus is simplified. 
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The present invention provides a wireless 
communication apparatus comprising: 

an antenna receiving a radio signal; 
an isolator isolating an I-component and a Q- 
5 component orthogonal to each other from the 
received signal; 

an I-component variable gain amplifier and a 
Q-component variable gain amplifier amplifying the 
isolated I-component and Q-component using a 
10 variable gain; 

an I-component analog-to-digital converter and 
a Q-component analog-to-digital converter 
converting the amplified I-component and Q- 
component into respective digital signals; 
15 an I-component gain setting unit periodically 

updating a gain of said I-component variable gain 
amplifier in accordance with an output from said I- 
component analog-to-digital converter; 

an I-component operating mode selection unit 
20 selecting one of a plurality of operating modes 

characterized by different gain updating periods in 
accordance with variation in the output from said 
I-component analog-to-digital converter, the 
selected operating mode being set in said I- 
25 component gain setting unit; 

a Q-component gain setting unit periodically 
updating a gain of said Q-component variable gain 
amplifier in accordance with an output from said Q- 
component analog-to-digital converter; and 
30 a Q-component operating mode selection unit 



7 



.11 o oi v a h-'£» " : i «, o : : ::: ;B o a 



selecting one of a plurality of operating modes 
characterized by different gain updating periods in 
accordance with variation in the output from said 
Q-component analog-to-digital converter, the 
5 selected operating mode being set in said Q- 
component gain setting unit. 

According to this aspect of the invention, the 
operating mode is selected for the I-component and 
the Q-component individually so that the gain of 

10 the variable gain amplifier 23i and the gain of the 
variable gain amplifier 23q are controlled 
independently. 

The present invention provides a wireless 
communication apparatus comprising: 

15 a first antenna and a second antenna receiving 

a radio signal: 

a first variable gain amplifier and a second 
variable gain amplifier amplifying the signal 
received via said first antenna and second antenna, 

20 respectively; 

a first analog-to-digital converter and a 
second analog-to-digital converter respectively 
converting the amplified signals into respective 
digital signals; 

25 a gain setting unit periodically updating a 

gain common to said first variable gain amplifier 
and second variable gain amplifier in accordance 
with an output from said first analog-to-digital 
converter and an output from said second analog-to- 

30 digital converter; and 
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an operating mode selection unit selecting one 
of a plurality of operating modes characterized by 
different gain updating periods in accordance with 
variation in the outputs from said first analog-to- 
digital converter and said second analog-to-digital 
converter, the selected operating mode being set in 
said gain setting unit. 

According to this aspect of the invention, 
signals from the first branch and the second branch 
are synthesized in a wireless communication 
apparatus provided with diversity branches so that 
the gain setting unit centrally controls the gain 
of the first variable gain amplifier and the gain 
of the second variable gain amplifier. Therefore, 
the construction of the apparatus is simplified. 

The wireless communication apparatus may 
further comprise a processing unit calculating a 
received power from the output value of the analog- 
to-digital converter using the gain set in the gain 
setting unit. 

According to this aspect of the invention, a 
digital output corresponding to an analog signal 
amplified by the variable gain amplifier is 
corrected to have a digital signal corresponding to 
an analog signal before amplification so that an 
accurate received power measurement is made. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram showing an 
electrical construction of a wireless communication 



apparatus according to a first embodiment of the 
present invention- 
Fig. 2 shows an operating mode of a gain 
setting unit 18. 

Fig. 3 is a flowchart showing a flow of an 
automatic gain control process. 

Fig. 4 is a flowchart showing a frame check 
process of Fig. 3 in detail. 

Fig. 5 is a flowchart showing a slot check 
process of Fig. 3 in detail. 

Fig. 6 is a flowchart showing a gain control 
level setting process of Fig. 3 in detail. 

Fig. 7 is a block diagram showing an 
electrical construction of a wireless communication 
apparatus according to a second embodiment of the 
present invention. 

Fig. 8 is a block diagram showing an 
electrical construction of a wireless communication 
apparatus according to a third embodiment of the 
present invention. 

Fig. 9 shows a wireless communication 
apparatus according to the related art. 

BEST MODE FOR CARRYING OUT THE INVENTION 

The various embodiments of the invention will 

be described hereinafter with reference to the 

attached drawings . 

First embodi ment 

Fig. 1 is a block diagram showing an 

electrical construction of a wireless communication 
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apparatus according to a first embodiment of the 
present invention. The wireless communication 
apparatus 10 comprises an antenna 11a, a mixer 12, 
variable gain amplifiers (VGA) 13i and 13q, analog- 
to-digital converters 14i and 14q, a processing 
unit 15, and an automatic gain controller (AGC) 19. 

The. antenna 11 receives a radio signal from a 
wireless terminal such as a portable terminal. The 
wireless terminal is configured to generate a radio 
signal by mixing an I component and a Q component 
by quadrature modulation. The mixer 12 detects the 
signal from the antenna 11 so as to retrieve the I 
component and the Q component by a process of 
isolation. The variable gain amplifiers 13i and 13q 
respectively amplify the I component and the Q 
component isolated by the mixer 12. The analog-to- 
digital converters 14i and 14q convert the analog 
signals received from the variable gain amplifiers 
13i and 13q, respectively, into digital signals. 
The processing unit 15 performs various processes 
including re-synthesis of the component signals and 
spectrum despreading. The processing unit 15 also 
calculates the level of received power from output 
values of the analog-to-digital converters 14i and 
14q, and from the level of gain control. 

The automatic gain controller 19 is provided 
with an operation unit (I 2 +Q 2 ) 16, a mode selection 
unit 17 and a gain setting unit 18, so as to 
control a common gain of the variable amplifiers 
13i and 13q. The operation unit 16 calculates 
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2(I 2 +Q 2 ), based on the output values of the analog- 
to-digital converters 14i and 14q. The mode 
selection unit 17 selects a normal mode or a high- 
speed mode, based on the result of calculation, the 
5 normal mode and the high-speed mode being 

characterized by different periods of update- The 
gain setting unit 18 updates the common gain of the 
variable gain amplifiers 13i and 13q in the 
operating mode selected by the mode selection unit 
10 17 . 

The processing unit 15 calculates the level of 
received power from the output values of the 
analog-to-digital converters 14i and 14g, and the 
level of gain control set by the gain setting unit 

15 18. The processing unit 15 controls the power to be 
transmitted from the wireless communication 
apparatus in accordance with the calculated level. 
Alternatively, the processing unit 15 informs a 
remote end with which the wireless communication 

20 apparatus is communicating of the level of received 
power so that the remote end controls the level of 
transmission accordingly. 

With this construction, the I component and 
the Q component are subject to integrated control 

25 using the operation unit 16. The gain of the 
variable amplifiers 13i and 13q is subject to 
integrated control by the gain setting unit 18. 
Accordingly, the construction of the apparatus is 
simplified. Since the operation unit 16 performs a 

30 calculation S(I 2 +Q 2 ), the I component and the Q 
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component are equally weighted. Therefore, 
appropriate performance in control is guaranteed 
under any environment for communication. 

A description will now be given of the 
operation of the wireless communication apparatus 
with reference to Figs. 2-6. 

Fig. 2 shows an operating mode of the gain 
setting unit 18. A frame is defined as having a 
duration of 10 ms and a segment of a frame produced 
by division-by- 15 is defined as one slot. A normal 
mode is defined as an operating mode with a gain 
updating period of Tl , which is relatively long. A 
high-speed mode is defined as an operating mode 
with a gain updating period of T2 (<T1), which is 
relative short. For example, as shown in Fig. 2, 
the period Tl may be equal to the duration of one 
frame, i.e. 10 ms . The period T2 may be equal to 
the duration of 5 slots, i.e. 10/3 ms . While the 
normal mode is being set, the gain setting unit 
updates the gain at the period of Tl. When the 
high-speed mode is set, the gain setting unit 
updates the gain at the period of T2 . 

Fig. 3 is a flowchart showing a flow of AGC 
process. In step al, the process is started. In 
step a2, I 2 + Q 2 is calculated by the operation unit 
16 . 

In step a3, I 2 + Q 2 is added to one-slot sum of 
signal power. In step a4 , a determination is made 
as to whether the number of data items examined 
reached the number of data items (for example, 
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5120) accommodated in one slot. When it is 
determined that the number of data items does not 
reach the total number for one slot, steps a2-a4 
are repeated until the number of data items reaches 
the total number. When the number of data items 
reaches the total number, the one-slot sum of 
signal power is divided by the number of data items 
in one slot. Thus, through steps a3-a5, an average 
value of (I 2 +Q 2> in one slot is calculated. 

In step a6, a request is issued, the request 
being related either to a slot check process for 
determining whether a high-speed mode is necessary, 
and to a frame check process for determining 
whether the normal mode is necessary. When step a6 
is completed, steps a7 and a8 are performed. 
Control is then returned to step a2 whereupon the 
slot-averaging process is repeated. In step a7 , the 
slot check process for the high-speed mode is 
performed in accordance with the request. In step 
a8, the frame check process is performed in 
accordance with the request. Steps a7 and 8 are 
described later in detail with reference to Figs . 4 
and 5 . 

In step a9, the level of gain control is set. 
A detailed description of step a9 will be given 
later with reference to Fig. 6. In step alO, the 
level of gain control is output from the gain 
setting unit 18 to the variable gain amplifiers 13i 
and 13q. In step all, the whole process is 
terminated . 
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Fig. 4 is a flowchart showing the frame check 
process of Fig. 3 in detail. In step bl , the frame 
check process is started. In step b2 , a 
determination is made as to whether there is a 
request for the frame check process. When it is 
determined that the request is not provided, the 
determination step b2 is repeated until a positive 
determination is yielded. When there is a request 
for the frame check process, control is turned to 
step b3 where one-slot average value calculated in 
the process of Fig. 3 is added to one-frame sum of 
signal power. 

In step b4 , a determination is made as to 
whether the number of slots reaches 15. When the 
number of slots reaches 15, control is turned to 
step b5 where the one-frame sum of signal power is 
divided by 15 so as to obtain a frame average value. 
Thus, through steps b3-b5, the one-frame average 
value is calculated. 

In step b6, a determination is made as to 
whether the one-frame average value is lower than a 
lower margin Ls of a range of average values that 
calls for the normal mode or higher than the upper 
margin Us that calls for the normal mode. If a 
negative answer is yielded in step b4 or in step b6, 
control is turned to step s7 where "0", indicating 
a non-normal mode, is substituted in a normal 
operation flag NOR_FLAG. If an affirmative answer 
is yielded in step b6, "1", indicating the normal 
mode, is substituted in the normal operation flag 
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NOR_FLAG . 

Thus, in the frame check process of Fig. 4, 
steps b2-b8 are repeated so that the normal 
operation flag NOR_FLAG is updated. Particularly, 
5 in step b6, variation in the received power is 

evaluated by examining the one-frame average value. 
The normal operation flag NOR_FLAG is set to the 
normal mode or the non-normal mode depending on the 
result of evaluation. 
10 The upper margin Us and the lower margin Ls of 

a range of one-frame average value that calls for 
the normal mode are predetermined. The upper margin 
Us is selected to be higher than the lower margin 
Ls . 

15 Fig. 5 is a flowchart showing the slot check 

process of Fig. 3 in detail. In step cl, the slot 
check process is started. In step c2, a 
determination is made as to whether there is a 
request for the slot check process. When it is 

20 determined that the request is not provided, the 

determination step c2 is repeated until a positive 
determination is yielded. When there is a request 
for the slot check process, control is turned to 
step c3 where a determination is made as to whether 

25 there is absence of history indicating that high- 
speed mode was used in the preceding slot. If the 
high-speed mode was used, i.e. if a negative answer 
is yielded in step c3, the determination steps c2 
and c3 are repeated. 

30 If it is determined that the history indicates 
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that the high-speed mode was not used in the 
preceding slot, i.e. if a positive answer is 
yielded in step c3, control is turned to step c4 
where a determination is made as to whether the 
5 one-slot average value, determined in accordance 
with Fig. 3, is lower than a lower margin Lh that 
calls for the high-speed mode or higher than a 
higher margin Uh that calls for the high-speed mode. 
If an affirmative answer is yielded in step c4, 

10 control is turned to step c5 where a determination 
is made as to whether an affirmative answer is 
yielded for a total of n consecutive slots, where n 
is an integer greater than 1. If an affirmative 
answer is yielded in step c5 , "1", indicating the 

15 high-speed mode, is substituted in a high-speed 

operation flag H I _FL AG in a subsequent step c6. If 
a negative answer is yielded in step c4 or in step 
c5, control is turned to step c7 where "0", 
indicating a non- h igh- s peed mode, is substituted in 

20 the high-speed operation flag H I_F LAG in step c7 . 

Thus, in the slot check process of Fig. 5, 
steps c2-c7 are repeated so that the high-speed 
operation flag is updated. Particularly, in steps 
c4 and c5, variation in the received power is 

25 evaluated by examining the one-slot average value. 

The high-speed operation flag HI_FLAG is set to the 
high-speed mode or the non-hish-speed mode 
depending on the result of evaluation. 

The upper margin Uh and the lower margin Lh of 

30 a range of one-slot average value that calls for 
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the high-speed mode are predetermined. The upper 
margin Uh is selected to be higher than the upper 
margin Us and the lower margin Lh is selected to be 
lower than the lower margin Ls . 
5 Fig. 6 is a flowchart showing in detail the 

process of setting the level of gain control shown 
in Fig. 3. In step dl , the process of setting the 
level of gain control is started. In step d2 , a 
determination is made as to whether the normal 
10 operation flag NOR_FLAG=0 and the high-speed 

operation flag H I _FLAG= 0 . That is, a determination 
is made as to whether both the non-normal mode and 
the non-high-speed mode are called for. When it is 
determined that the non-normal mode and the non- 
15 high-speed mode are both called for, the 

determination step d2 is repeated until it is 
determined that either the normal mode or the high- 
speed mode is called for. 

If a negative answer is yielded in step d2 , 
20 i.e. if it is determined that the normal mode or 
the high-speed mode is called for, control is 
turned to step d3 where a determination is made as 
to whether the high-speed operation flag HI_FLAG=1, 
i.e. whether the high-speed mode is called for. If 
25 it is determined that the high-speed mode is called 
for, control is turned to step d4 where the level 
of gain control is set to ±XdB, where X indicates 
a real number greater than 1, whereupon control is 
returned to step d2 . If it is determined in step d3 
30 that the high-speed mode is not called for, it is 
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determined that the normal mode is called for. In 
step d5, the level of gain control is set to ±ldB 
so that control is returned to step d2 . 

According to the process of setting the level 
of gain control shown in Fig. 6, the level of gain 
control is updated in accordance with variation in 
the received power, by repeating steps d2-d5 after 
setting the level of gain control in step d4 or in 
step d5. Steps a3 of Fig. 3 through d3 are 
performed in the mode selection unit 17. Step d4 
and the subsequent steps are performed in the gain 
setting unit 18. 

As described, according to the first 
embodiment, the gain of the variable gain amplifier 
is updated in one of the two operating modes 
characterized by different updating periods, in 
accordance with variation in the received power. 
Thus, it is possible to control the gain of the 
variable gain amplifier in accordance with a change 
in the environment for communication. That is, even 
when the environment for communication changes, the 
analog-to-digital converters continue to receive 
signals adapted for the dynamic range thereof so 
that the precision in conversion by the analog-to- 
digital converters is maintained at a proper level. 

One particular application is wireless base 
stations of a code division multiple access (CDMA) 
system which are normally characterized by only 
slight variation in the received power. In these 
base stations, a moderate gain control is favorable. 



O Ol "7 O "4- IE! ' r 3 ,„ O 7!! ,1, S O Si 



19 

Therefore, the normal mode according to the 
invention may suitably be employed for control. In 
rare cases, where there is an abrupt change in the 
power, the high-speed mode may be employed for 
5 control so that the urgent need for keeping track 
of the variation is properly met. Accordingly, it 
is possible to effect control adapted for the 
environment for communication. 

In the foregoing description of the first 

10 embodiment, it is assumed that quadrature 

modulation producing the I component and the Q 
component, 90° phase-displaced from each other, is 
employed. The present invention may find 
applications in other type of modulation including 

15 a simple modulation. The level of gain control in 
the normal mode may be other than ±ldB. Although 
it is assumed that the calculation Z(I 2 +Q 2 ) is 
performed, the operation unit 16 may perform other 
types of calculations. For example, 2l 2 and ZQ 2 are 

20 calculated separately so that the common gain of 
the variable gain amplifiers 13i and 13g is set 
based on these results of calculation. 

Second embodiment 

25 Fig. 7 is a block diagram showing an 

electrical construction of a wireless communication 
apparatus according to a second embodiment of the 
present invention. The wireless communication 
apparatus 20, which is a variation of the wireless 

30 communication apparatus of the first embodiment, 



:iOO '7 0 ri 4E?" ; 3 ,, d 3 l.BOhE 



comprises an antenna 21, an amplifier 21a, a mixer 
22, variable gain amplifiers (VGA) 23i and 23q, 
analog-to-digital converters 24i and 24q, a 
processing unit 25, and an automatic gain 
5 controller ( AGC ) 29. The antenna 21, the amplifier 
21a, the mixer 22, the variable gain amplifiers 
(VGA) 23i and 23q, the analog-to-digital converters 
24i and 24q, and the processing unit 25 are the 
same as the corresponding components of Fig. 1 so 

10 that the description thereof is omitted. 

The automatic gain controller 29 is provided 
with an operation unit (I 2 ) 26i, an operation unit 
(Q 2 ) 26q, mode selection units 27i and 27q, and 
gain setting units 28i and 28q so as to control the 

15 gain of the variable amplifiers 23i and 23q 

individually. The operation units 26i and 26q 
calculate square sums 2(I 2 ) and Z(Q 2 ), respectively, 
based on signals from the analog-to-digital 
converters 24i and 24q, respectively. The mode 

20 selection units 27i and 27q each selects one of a 
plurality of operating modes characterized by 
difference updating periods, based on the results 
of operation in the operation units 26i and 26q, 
respectively. The gain setting units 28i and 28q 

25 update the gain of the variable gain amplifiers 23i 
and 23q, respectively, in the operating mode 
selected by the mode selection units 27i and 27q, 
respectively. 

With this construction, the operating mode for 

30 the I-component and that for the Q-component are 
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set individually so that the gain of the variable 
gain amplifier 23i and the gain of the variable 
gain amplifier 23q are controlled independently. 

The operation for selecting the operating mode 
5 of the gain setting units 28i and 28q is the same 
as the corresponding operation according to the 
first embodiment shown in Figs. 2-6, so that the 
description thereof is omitted. Accordingly, the 
advantage available in the first embodiment is also 

10 available in the second embodiment. That is, the 
gain of the variable gain amplifier is updated in 
one of a plurality of operating modes characterized 
by different updating periods, in accordance with 
variation in the received power. Accordingly, the 

15 gain of the variable gain amplifier is adaptively 
controlled depending on the environment for 
communication . 

Third embodiment 

20 Fig. 8 is a block diagram showing an 

electrical construction of a wireless communication 
apparatus according to a third embodiment of the 
present invention. The wireless communication 
apparatus 30, a variation of the wireless 

25 communication apparatus of the first embodiment, 
comprises antennas 31 and 41, the amplifiers 31a 
and 41a, mixers 32 and 42, variable gain amplifiers 
(VGA) 33i, 33q, 43i, 43q, analog-to-digital 
converters 34i, 34q, 44i, 44q, a processing unit 35, 

30 and an automatic gain controller ( AGC ) 49. 
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The antennas 31, the amplifier 3 la , the mixer 
32, the variable gain amplifiers (VGA) 33i and 33q, 
and the analog- to-digital converters 34i and 34q 
constitute a first branch for diversity reception. 
5 These components are the same as the corresponding 
components of Fig. 1 so that the description 
thereof is omitted. The antenna 41, the amplifier 
41a, the mixer 42, the variable gain amplifiers 
(VGA) 43i and 43q, and the analog-to-digital 

10 converters 44i and 44q constitute a second branch 
for diversity reception. These components are the 
same as the corresponding components of Fig. 1 so 
that the description thereof is omitted. The 
processing unit 35 is also the same as the 

15 corresponding unit of Fig. 1. 

The automatic gain controller 49 is provided 
with an operation unit (i 2 +Q 2 ) 36, an operation unit 
(I 2 +Q 2 ) 46, a mode selection unit 37, a gain setting 
unit 38, and correction units 40 and 50, so as to 

20 control the gain of the variable gain amplifiers 
33i, 33q, 43i and 43q. The operation unit 36 
calculates Z(i 2 +Q 2 ), based on signals from the 
analog-to-digital converters 34i and 34q. The 
operation unit 46 calculates 2(I 2 +Q 2 ), based on 

25 signals from the analog-to-digital converters 44i 
and 44q. 

A power comparison unit 39 compares power of 
the two branches. The mode selection unit 37 
selects one of a plurality of operating modes 
30 characterized by different updating periods, based 
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on a result of comparison by the power comparison 
unit 39. The gain setting unit 38 periodically 
updates the common gain of the variable gain 
amplifiers 33i, 33q, 43i and 43q in the operating 
5 mode selected by the mode selection unit 37. The 

correction units 40 and 50 each stores the level of 
gain control effective for an initial state in 
which an external radio signal is not received in 
the corresponding one of the branches. The level of 

10 gain control effected upon reception of the radio 

signal is corrected by the corresponding one of the 
correction units 40 and 50 and set in the variable 
gain amplifier in the corresponding one of the 
branches. More specifically, each of the correction 

15 units makes a correction to cancel difference in 
the level of gain control required due to 
irregularity in products constituting each of the 
branches so that the total gain of the branches 
match . 

20 With this construction, the I component and 

the Q component are synthesized by the operation 
units 36 and 46, whereupon the signals from the 
first branch and the second branch are synthesized 
by the power comparison unit 39, so that the gain 

25 of the variable gain amplifiers 33i, 33q, 43i and 
43q are centrally controlled by the gain setting 
unit 38. Accordingly, the construction of the 
apparatus is simplified. Since the operation units 
36 and 46 perform a calculation 2(I 2 +Q 2 ), the I 

30 component and the Q component are equally weighted. 
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Therefore, proper performance in control is 
guaranteed under any environment for communication. 

The operation of the gain setting unit 38 for 
selecting the operating mode is the same as the 
5 corresponding operation of the first embodiment 

shown in Figs. 2-6, so that the description thereof 
is omitted. Accordingly, the advantage available in 
the first embodiment is also available in the third 
embodiment. That is, the common gain of the 

10 variable gain amplifiers is updated in one of a 
plurality of operating modes characterized by 
different updating periods, in accordance with 
variation in the received power. Accordingly, the 
gain of the variable gain amplifiers is adaptively 

15 controlled depending on the environment for 

communication and the precision in conversion by 
the analog-to-digital converters is maintained at a 
proper level . 

In the third embodiment, the I component and 

20 the Q component are centrally controlled. 

Alternatively, the components may be controlled 
individually as in the second embodiment. In the 
third embodiment, the first branch and the second 
branch are described as being centrally controlled. 

25 Alternatively, the branches may be controlled 
individually . 



INDUSTRIAL APPLICABILITY 

The automatic gain controller and the wireless 
communication apparatus according to the present 
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invention are suitably used in wireless base 
stations and wireless terminals of the CDMA system. 
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CLAIMS 

1. An automatic gain controller for 
controlling a gain of a variable gain amplifier 

5 provided at an input of an analog-to-digital 
converter, comprising: 

a gain setting unit periodically updating the 
gain of the variable gain amplifier in accordance 
with an output from the analog-to-digital 
10 converter; and 

a mode selection unit selecting one of a 
plurality of operating modes characterized by 
different gain updating periods in accordance with 
variation in the output from the analog-to-digital 
15 converter, the selected operating mode being set in 
said gain setting unit. 

2. A wireless communication apparatus 
comprising : 

20 an antenna receiving a radio signal; 

a variable gain amplifier amplifying the 
received signal using a variable gain; 

an analog-to-digital converter converting the 
amplified signal into a digital signal; 
25 a gain setting unit periodically updating the 

gain of the variable gain amplifier in accordance 
with an output from a analog-to-digital converter; 
and 

an operating mode selection unit selecting one 
30 of a plurality of operating modes characterized by 
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difference gain updating periods in accordance with 
variation in the output from said analog-to-digital 
converter, the selected operating mode being set in 
said gain setting unit. 

5 

3 . A wireless communication apparatus 
comprising : 

an antenna receiving a radio signal; 
an isolator isolating an I-component and a Q- 
10 component orthogonal to each other from the 
received signal; 

an I-component variable gain amplifier and a 
Q-component variable gain amplifier amplifying the 
isolated I-component and Q-component, respectively 
15 using a variable gain; 

an I-component analog-to-digital converter and 
a Q-component analog-to-digital converter 
converting the amplified I-component and Q- 
component, respectively, into respective digital 
20 signals; 

a gain setting unit periodically updating a 
gain common to said I-component variable gain 
amplifier and said Q-component variable gain 
amplifier, in accordance with outputs from said I- 
25 component analog-to-digital converter and said Q- 
component analog-to-digital converter; and 

an operating mode selection unit selecting one 
of a plurality of operating modes characterized by 
different gain updating periods in accordance with 
30 variation in the outputs from said I-component 
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analog-to-digital converter and said Q-component 
analog-to-digital converter, the selected operating 
mode being set in said gain setting unit. 

5 4. A wireless communication apparatus 

compr is ing : 

an antenna receiving a radio signal; 

an isolator isolating an I-component and a Q- 
component orthogonal to each other from the 
10 received signal; 

an I-component variable gain amplifier and a 
Q-component variable gain amplifier amplifying the 
isolated I-component and Q-component using a 
variable gain; 

15 an I-component analog-to-digital converter and 

a Q-component analog-to-digital converter 
converting the amplified I-component and Q- 
component into respective digital signals; 

an I-component gain setting unit periodically 

20 updating a gain of said I-component variable gain 

amplifier in accordance with an output from said I- 
component analog-to-digital converter; 

an I-component operating mode selection unit 
selecting one of a plurality of operating modes 

25 characterized by different gain updating periods in 
accordance with variation in the output from said 
I-component analog-to-digital converter, the 
selected operating mode being set in said I- 
component gain setting unit; 

30 a Q-component gain setting unit periodically 
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updating a gain of said Q-component variable gain 
amplifier in accordance with an output from said Q- 
component analog-to-digital converter; and 

a Q-component operating mode selection unit 
5 selecting one of a plurality of operating modes 

characterized by different gain updating periods in 
accordance with variation in the output from said 
Q-component analog-to-digital converter, the 
selected operating mode being set in said Q- 
10 component gain setting unit. 

5. A wireless communication apparatus 
comprising : 

a first antenna and a second antenna receiving 
15 a radio signal: 

a first variable gain amplifier and a second 
variable gain amplifier amplifying the signal 
received via said first antenna and second antenna, 
respectively ; 

20 a first analog-to-digital converter and a 

second analog-to-digital converter respectively 
converting the amplified signals into respective 
digital signals; 

a gain setting unit periodically updating a 

25 gain common to said first variable gain amplifier 
and second variable gain amplifier in accordance 
with an output from said first analog-to-digital 
converter and an output from said second analog-to- 
digital converter; and 

30 an operating mode selection unit selecting one 
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of a plurality of operating modes characterized by 
different gain updating periods in accordance with 
variation in the outputs from said first analog-to- 
digital converter and said second analog-to-digital 
converter, the selected operating mode being set in 
said gain setting unit. 

6. The wireless communication apparatus 
according to any one of claims 2 through 5, further 
comprising a processing unit calculating a received 
power from the output value of the analog-to- 
digital converter using the gain set in the gain 
setting unit. 
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ABSTRACT 

A wireless communication apparatus includes an 
antenna receiving a radio signal, a variable gain 
amplifier amplifying the received signal using a 
5 variable gain, an analog-to-digital converter 
converting the amplified signal into a digital 
signal, a gain setting unit periodically updating 
the gain of the variable gain amplifier in 
accordance with an output from the analog-to- 

10 digital converter, and an operating mode selection 
unit selecting one of a plurality of operating 
modes characterized by different gain updating 
periods in accordance with the output from the 
analog-to-digital converter, the selected operating 

15 mode being set in the gain setting unit. With this 
construction, the precision in conversion by the 
analog-to-digital converter is maintained at a 
proper level when an environment for signal 
reception varies . 
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Declaration and Power of Attorney For Patent Application 
Japanese Language Declaration 



As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated 
next to my name. 

I believe I am the original, first and sole inventor (if only one 
name is listed below) or an original, first and joint inventor (if 
plural names are listed below) of the subject matter which is 
claimed and for which a patent is sought on the invention 
entitled. 

"AUTOMATIC GAIN CONTROLLER AND WIRELESS 
COMMUNICATION APPARATUS USING THE SAME" 



mmi%&wm^* t u 

(SSE31-5JB-&) tcfTlE£*i£ Lfc. 



the specification of which 
□ is attached hereto. 

S was filed on July 17, 2000 

as United States Application Number or 
PCT International Application Number 
PCT/JPOO/04796 and was amended on 
(if applicable). 

I hereby state that I have reviewed and understand the 
contents of the above identified specification, including the 
claims, as amended by any amendment referred to above. 

I acknowledge the duty to disclose information which is material 
to patentability as defined in Title 37, Code of Federal 
Regulations, Section 1 .56. 
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«tt, *Hffi*m35llll9* (a) - (d) MXiimgk (b) Ic 
5*3rif18;*j£*M65 (a) li:l-j< Hf^ttilfL X(i^HT'CDW 

Prior Foreign Applications) 



Japanese Language Declaration 



(Number) 



(Country) 



(Number) 



(Country) 

(B«) 



(Application No.) 



(Filing Date) 

( tunas) 



365* (c); *cahJ<*«l*ddC±SLi-ro ifc. *tnS©# 
il*|gH©W#*!*H?S*m35iB112*^lJB3Z:{i^fFm^*^T- 

tt«rfiFiS**»«jHieiiffiHa"e©sifB+K:A#?*tfe, 



(Application No.) 



(Application No.) 



(Filing Date) 



(Filing Date) 
(ttJMFJ) 



. : «c.k,fu*oi94aic±saft«)^i!ii*fi4iii:, 

- Page 



1 hereby claim foreign priority under Title 35, United States Code, 
Section 119 (a)-(d) or 365(b) of any foreign application(s) for patent 
or inventor's certificate, or Section 365(a) of any PCT International 
application which designated at least one country other than the 
United States, listed below and have also identified below, by 
checking the box, any foreign application for patent or inventor's 
certificate, or PCT International application having a filing date 
before that of the application on which priority is claimed. 

Priority Claimed 

□ □ 

Yes No 

□ □ 
Yes No 



(Day/Month/Year Filed) 



(Day/Month/Year Filed) 



I hereby claim the benefit under Title 35, United States Code, 
Section 1 19(e) of any United States provisional application(s) listed 
below. 



(Application No.) 



(Filing Date) 
(HiWB) 



I hereby claim the benefit under Title 35, United States Code, Section 
120 of any United States application(s), or Section 365(c) of any PCT 
International application designating the United States, listed below 
and, insofar as the subject matter of each of the claims of this 
application is not disclosed in the prior United States or PCT 
International application in the manner provided by the first paragraph 
of Title 35, United States Code Section 1 12, I acknowledge the duty 
to disclose information which is material to patentability as defined in 
Title 37, Code of Federal Regulations, Section 1 .56 which became 
available between the filing date of the prior application and the 
national or PCT International filing date of application. 

(Status: Patented, Pending, Abandoned) 

mm : iffftftm mm*, mmm 

(Status: Patented, Pending, Abandoned) 

mu : ®m^m, mm*, wmmy 

I hereby declare that all statements made herein of my own 
knowledge are true and that all statements made on information 
and belief are believed to be true; and further that these statements 
were made with the knowledge that willful false statements and the 
like so made are punishable by fine or imprisonment, or both, under 
Section 1001 of Title 18 of the United States Code and that such 
willful false statements may jeopardize the validity of the application 
or any patent issued thereon. 
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Japanese Language Declaration 

(B«mW») 



POWER OF ATTORNEY: As a named inventor, I hereby appoint 
the following attorney(s) and/or agent(s) to prosecute this 
application and transact all business in the Patent and Trademark 
Office connected therewith: (list name and registration number) 



illinium mi 

022850 



ti£li2tft"5fe Send Correspondence to: 




022850 



HJ»«lSiiiB$fc : (« ffl&Xf Direct Telephone Calls to: (name and telephone number) 
(703)413-3000 





Full name of sole or first joint yiventor-x 

Nobuhiro SAKIMA i~7>Aj 






Inventor's signature Date 

M*hir 0 SAklMA Jan. 11, 2002 


&.m 


Residence / r y\y r 
Tgk¥o.,_ Japan (jf 


mm 


Citizenship 
Japanese 




Post Office Address 

c/o MITSUBISHI DENKE KABUSHIKI KAISHA, 




2-3, Marunouchi 2-chorne , Chiyoda-ku, 
Tokyo 100-8310 Japan 




Full name of second joint inventor, if any 






Second joint Inventor's signature Date 




Residence 


mm 


Citizenship 




Post Office Address 







(m—M&cD&m&W&iz^ »T fcl^SfwfBttU W«-rs d t ) (Supply similar information and signature for third and subsequent 

joint inventors.) 
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